A role for NLs in synapse maturation and function in vivo has recently emerged. The first evidence implicating these proteins in synaptic function came from a study showing that NLs expressed in nonneuronal cells are capable of inducing presynaptic differentiation in contacting axons (Dean and Dresbach, 2006) . It was later determined that NL1 mediates its effects on presynaptic terminal maturation through Ca 2+ -dependent trans-synaptic interaction with b-Nrxs. Since these initial pivotal studies, the involvement of other NL and Nrx family members in some aspects of synapse function has been uncovered. Consistent with a role for NLs in synapse maturation, a reduction in presynaptic terminal content, but not number, was observed in NL1-3 triple-knockout mice (Varoqueaux et al., 2006) . NLs and Nrxs have generated much interest in the field due to their ability to regulate both excitatory and inhibitory synapse function (Chih et al., 2005; Graf et al., 2004; Prange et al., 2004) . This led to the proposal that NLs comprise the molecular machinery that maintains a balance between excitation and inhibition (E/I balance) . In support of this notion, work on cultured neurons shows that abnormal targeting of NLs to particular synapse types alters the E/I ratio . Moreover, knockout of specific NLs also revealed differential effects on excitatory and inhibitory synapse function (Chubykin et al., 2007) . Such observations are surprising in light of homeostatic mechanisms that exist to maintain proper E/I balance, and beg the question, can altered expression of NLs in early development induce synaptic imbalances associated with neurodevelopmental disorders?
An intriguing link to neurodevelopmental disorders was made when mutations in NLs and their binding partners were identified in some patients with autism spectrum disorders (ASDs), which are thought to be triggered by perturbation of normal E/I ratios (Garber, 2007) . Although mutations in NLs occur infrequently in ASD cases, understanding the precise roles of NLs in synapse function may prove useful for shedding light on this wide spectrum of diseases. Studies on one particular NL3 mutation associated with autism shows enhanced inhibition and impaired social interactions in mice (Tabuchi et al., 2007) . Thus, it is becoming increasingly apparent that the NL/Nrx trans-synaptic adhesion system is a major determinant for specifying synaptic balance.
Overall domain structure is well conserved among NLs. Each of these molecules contains an extracellular domain with homology to acetylcholinesterase (AChE) (Dean and Dresbach, 2006) . This domain lacks catalytic activity, however, due in part to mutations in the active site. Although NLs show high sequence similarity in their extracellular domains, it was unclear how specific NLs could modulate excitatory versus inhibitory synapse function. This issue was addressed by determining the importance of specific protein-protein interactions and alternative splicing in modulating the retention, and in turn the function, of NLs at a particular synapse type. For example, the postsynaptic scaffolding protein PSD-95 modulates targeting of NLs to excitatory synapses via their intracellular PDZ-binding motif .
Other studies revealed that alternative splice sites in the extracellular regions of NLs and Nrxs control their binding, as well as NL retention at particular synapse types. Moreover, a recent study by Boucard and colleagues showed that, in NL1, splice site B (SSB) dictates a-Nrx binding but has little effect on the binding of b-Nrxs (Boucard et al., 2005) . Alternative splicing of NLs also restricts their targeting and functions to excitatory and inhibitory synapses, respectively, as well as alters their interactions with different Nrx isoforms (Chih et al., 2006) . More recently, a-Nrx has been shown to induce clustering of NL2 and molecules enriched at inhibitory contacts, but not of the excitatory postsynaptic proteins NL1/3/4 or PSD-95 (Kang et al., 2007) . These findings suggest that trans-synaptic clustering induced by NL/Nrx association is modulated by NL splicing that differs between various family members, further outlining the functional relevance of these structural differences.
Although a wealth of information has been generated with respect to targeting and function of NLs at the synapse, earlier analyses have yielded only partial structural data relating to NLs . This lack of detailed three-dimensional structures has prevented a thorough understanding of the exact nature of the interactions between NLs and their presynaptic binding partners and how these interactions affect synapse function. Two elegant studies published in this issue of Neuron now report the highresolution crystal structures for the extracellular domains of NL1 and NL4, both in isolation and in complex with b-Nrx (Araç et al., 2007; Fabrichny et al., 2007) . From these studies, it is apparent that NLs exist as constitutive dimers, as suggested by findings from previous functional studies ( Dean and Dresbach, 2006) . It also becomes clear that the general structure of NLs, which appears to be well conserved within this family, diverges from that of AChEs, due mainly to differences in conformation and length of several surface loops, preventing substrate from entering the active site. The Cys-loop of NLs was shown to display flexibility relative to that of the AChEs, providing a looser connection between the molecular core and the four-helix bundle involved in dimerization of NL molecules. This molecular flexibility may be important for regulating the adhesive properties of NLs and Nrxs.
Structures for NL1 and NL4 bound to Nrx-1b demonstrate that the binding interface between these molecules is conserved throughout all NLs, but is absent in AChEs. The specific arrangement of the NL/Nrx complex consists of two Nrx protomers bound to opposite surfaces of the NL dimer. This organization is consistent with these molecules bridging the 20 nm space between the presynaptic terminal and dendritic spine or shaft. Although the structure of the binding interface is well conserved within the NL family, some variations exist at the edges of this interface which could be responsible for differing affinities between various NL and Nrx proteins. In addition, NLs lack a permanent dipole, which may facilitate fluctuating interactions, a feature that is likely important in the context of cell adhesion.
One unexpected conclusion from the structural data is that the EF-hand motif of NLs, previously thought to bind Ca 2+ required for interaction with Nrxs, does not in fact bind this ion. Instead, it was determined that two Ca 2+ -binding sites are contained within the Nrx/NL interface. However, Ca 2+ binding was observed at only one of these sites. Data obtained from the crystal structures validate previous findings pointing to crucial roles for alternative splice insertions in NLs and Nrxs in modulating interactions between these proteins, ultimately regulating synapse specificity. The structures reveal that NL SSB is located at the edge of the binding interface, consistent with insertion at this site hindering interaction between NLs and a-Nrxs, as indicated by previous functional studies. The crystal structures of these proteins therefore support the concept that these splice sites introduce a regulatory point for controlling the strength of interaction, and ultimately the nature of action at a particular contact site.
Mapping of residues associated with autism and related diseases onto the crystal structure of NL reveals how these mutations may be inducing their effects (Figure 1 ). While these mutations are not located within the binding interface, the vast majority are found between the NL dimerization interface and the site corresponding to the AChE active site. This suggests that, while these mutations are unlikely to directly interfere with binding of NLs to Nrxs, they likely cause defects in NL folding, affecting its dimerization, thus indirectly altering binding to Nrxs. Alternatively, protein processing events may be altered in some cases (Dean and Dresbach, 2006) . Thus, the crystal structures reported here reveal key features that modulate trans-synaptic interactions between NLs and Nrxs, and therefore help elucidate how association of these complexes influences synaptic maturation and strength. These new findings provide insights into synapse specificity regulated by coupling of specific Nrx and NL variants and further our understanding of how mutations linked to ASDs may alter normal protein function.
Synaptojanin1 degrades the signaling lipid phosphatidylinositol-4,5-bisphosphate and facilitates compensatory endocytosis, clathrin-coat disassembly, and vesicle reavailability at active synapses. In this issue of Neuron, Mani et al. provide new information about the separate roles of synaptojanin's two phosphatase domains and its interactions with endophilin in regulating these important aspects of the vesicle cycle.
Phosphoinositides such as phosphatidylinositol-4,5-bisphosphate [PtdIns (4,5)P 2 ] perform a wide array of tasks at the neuronal plasma membrane. At synapses, these regulatory lipidswhich are rapidly metabolized by lipases, kinases, and phosphataseshave been implicated in both the exocytotic and endocytotic limbs of the synaptic vesicle cycle (for review, see Di Paolo and De Camilli, 2006) . While much progress has been made in characterizing the functions of phosphoinositides in the presynaptic terminal, the precise actions of their metabolizing enzymes in the various aspects of the vesicle cycle remain unclear. In this issue of Neuron, Mani et al. (2007) examine the multiple roles played in synaptic vesicle cycling by a key element in phosphoinositide turnover, synaptojanin1 (Synj1), which is a polyphosphoinositide phosphatase that converts PtdIns(4,5)P 2 to PtdIns(4)P and PtdIns(4)P to PtdIns. Genetic ablation of synj1 in mice (Cremona et al., 1999) , worms (Harris et al., 2000) , and flies (Verstreken et al., 2003) causes depressed synaptic transmission after prolonged stimulation, decreased synaptic vesicle numbers, and accumulation of clathrin-coated vesicles, suggesting that Synj1 regulates uncoating and remobilization of vesicles during clathrinmediated endocytosis. In addition,
